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Introduction Individually coated uranium carbide spheroids (50 to 500 ~ in diameter) dispersed in graphite matrices are being considered as fuel element cores for gas-cooled and other high-temperature reactors. The spheroids are coated with pyrolytic graphite to retard the escape of radioactive fission products into the reactor system and to simplify handling of the material during fuel element fabrication.
Routine examinations to determine the properties of fuel particles include density measurements, metallographic examinations 1 of both the fuel particle and coating, metallography and microradiography to determine the coating thickness and fuel particle diameter, x-ray diffraction analyses, and spectrographic analyses for qualitative identification of principal impurities. In addition, a need arose for determining .
the crushing strength of the fuel particles in order that the crushing strength could be related to their fabricability.
This report describes the design of an instrument for determining the crushing strength of fuel particles along with some experimental results to shovr its applicability.
Description of Instrument
The instrument for determining the crushing strength of fuel particles consists of a loading mechanism, load cell, and a power supply-readout unit. Figure 1 is a photograph of the equipment, in·Cl~ding a lamp with a magnifying glass to aid in placing the fuel particle for testing.
Loading Mechanism
The loading mechanism permits lo~ rates of load application on the fuel particle. A schematic· drawing of the mechanism is shown in Fig. 2 .
The brass plate supports the load cell, a reversible fractional-horsepower motor, and a micropositioner.
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The micropositioner has been modified to contain a fully hardened tool-steel compression rod which makes a contact with the fuel particle when the load is applied. [ To check the linearity of the load cell and the indicating mechanism, a series of standard weights ranging from 10 to 4000 g is placed on the compression anvil. The reading of the tape plotted as a funct ion of the applied weight shows that the linearity of both the load cell and the indicator is within ±1% in the range of loads under consideration.
In addition, a quick check of the calibration is made f requently by placing a single weight on the anvil and comparing the indicated value of the to.pe with the value obtained rhJring the original calibration.
After approximately 1500 particles were crushed, no recCl.libration vras nP.cP.ssary.
Testing Procedure A quick calibration check described above is ahrays made prior to a~tual testing. An individual particle of the type shovm in Fig. 4 is then placed near the center of the compression anvil, the compreosion rod is lowered manually by means of the coarse adjustment knob and, f inally, the motor is turned on to continue slowly the downward motion of the rod. While the load is applied, the indicator tape moves continuously until the particle is crushed ann the ratchet mechanism locks the tape in its maximum position. A reading of the tape then may be conveniently mane. For crushing of the next sample, the compression rod is moved upward and the anvil is removed, cleaned, and replaced on the transformer core rod. It is possib~e to process 100 particles per nay I·T ith this arrangement. With the aid of the calibration curve, the reading obtained from the indicator tape is readily converted to a value of load required to crush an individual particle.
Statistical Considerations
The nature of the crushing-strength test requires the application of statistical methods to the analysis of the data. The tests are performed by crushing individual coated and uncoated fuel particles from a randomly sele~ted sample of 50 particles from each batch.
Initially, the arithmetic mean of the crushing strength, the standard deviation, and the test for normality of the distribution were calculated manually. These calculations, however, were found to be time-consuming. Subsequently, a statistical code was programed for the IBM-7090 .computer to speed the process of statistical· calculations.
Results
'Phe <'lata obtained from crushing-strength determinations can be summed in two statistics, assuming a normal distribution.
The arithmetic mean of the crushing load is where N = number of crushing-strength determinations and X. = any one of these determinations.
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The standard deviation is The crushing-strength data may also be plotted cumulatively on a normal probability paper, again assuming normal distribution. The crushing strength, the frequency of occurrence, and cumulative percent for the two batches of fuel particles are compiled in Table 2 . In In the initial period of six months during which the crushing instrument was in use, 32 batches of fuel particles were tested. A sampling of 50 particles was taken from each batch. The average crushing strength of these samplings varied from 460 to 2560 g; the standard deviation range was 65 to 960 g.
Concluding Remarks
An instrument for crushing-strength determinations of uncoated and pyrolytic-carbon-coated fuel particles was designed and built for the 
